The reactions of 1,2-bis(tetrazol-5-yl)benzene (1), 1,3-bis(tetrazol-5-yl)benzene (2), 1,4bis(tetrazol-5-yl)benzene ((6) with 1,2-dibromoethane were carried out by two different methods in order to synthesise pendant alkyl halide derivatives of the parent bis-tetrazoles. This lead to the formation of several alkyl halide derivatives, substituted at either N1 and N2 on the tetrazole ring, as well as the surprising formation of several vinyl derivatives. The crystal structures of both 1,2-[(2vinyl)tetrazol-5-yl)]benzene (1-N, 2-N') (1b) and 1,3-bis[(2-bromoethyl)tetrazol-5-yl]benzene (2-N, 2-N') (5d) are discussed.
Reactions of either 1,n-(HN 4 C) 2 C 6 H 4 or 1,n-(Bu 3 SnN 4 C) 2 C 6 H 4 (n = 2, 3, 4) with 1,2-dibromoethane yields compounds containing pendant bromoethyl or vinyl groups with substitution occurring at either 1-N,2-N' or 2-N,2-N' respectively. 
Introduction
Tetrazoles have roles in coordination chemistry as ligands, in medicinal chemistry as metabolically stable surrogates for carboxylic acids and in materials science applications, including photography and explosives. 1, 2 The synthesis of tetrazoles from the cycloaddition reaction between a nitrile and an azide is well documented. [1] [2] [3] [4] [5] [6] The three main synthetic approaches towards this type of transformation involve the use of tin azides, 4, 5 strong Lewis acids, 7 and employment of acidic media. 8 Our interest in tetrazoles surrounds their potential as precursors in the formation of new functionalised poly-tetrazoles which can be used in other areas of chemistry, e.g.,  sensors or molecular recognition. In this paper, we report our initial findings regarding the addition of pendant alkyl halide arms of some bis-tetrazoles. Earlier investigations by Molloy et al. revealed the formation of bis-tetrazole derivatives either with pendant alkyl halide arms or with a cyclophane structure. 5 In our hands, syntheses have yielded not only bis-tetrazole derivatives with pendant alkyl halide arms but also, and rather surprisingly, bis-tetrazole derivatives with pendant vinyl arms. The crystal structure of one such derivative is presented herein and discussed.
Results and Discussion
The reaction of 1,2-(Bu 3 SnN 4 C) 2 C 6 H 4 (4) with 1,2-dibromoethane has been shown to form either a cyclophane or bis(bromoalkyltetrazolyl)benzenes, depending on the ratio of the dibromoethane employed in the reaction. 5 When using a 10 fold excess, the cyclophane was obtained; a larger excess (25:1) resulted in the formation of the bis(bromoalkyltetrazolyl)benzenes, either the 2-N, 2-N'-or the 1-N, 2-N'-isomer, with the 2-N, 2-N'-isomer predominating in a ratio of 3 : 1. Butler and
Fleming have also synthesised bis(bromoalkyltetrazolyl)benzenes from N-unsubstituted tetrazoles and dihaloalkanes in the presence of Et 3 N with the 2-N, 2-N'-isomer again predominating. 9 Our strategy was to use both of these approaches to obtain sufficient quantities of the 2-N, 2-N'-isomer of various bis(bromoalkyltetrazolyl)benzenes with a view to subsequently generating derivatised tetra-tetrazole marcocycles. uniformly recovered. Our initial belief was that both the 2-N, 2-N'-and the 1-N, 2-N'-isomers of the bis(bromoethyltetrazolyl)benzene and the cyclophane had formed in the reaction, based solely on published results in the literature, 5, 9 and that longer reaction time would increase the yields of the three products. Unfortunately, increasing the reaction time, in some cases up to 120 hours, did not improve the yield in any instance. Column chromatography, using a hexane/ethyl acetate mixture as eluent, separated the products. 1 H and 13 C NMR spectra were obtained for all samples.
The isomeric 2-N, 2-N'-and the 1-N, 2-N'-derivatives should be readily distinguishable from their respective 1 H and 13 C NMR spectra, as described by Molloy et al. 5 << Scheme 1 >> Surprisingly, all three products showed the distinct signal pattern for the presence of vinyl groups, while in the cases of 1c, 2c and 3c, the presence of a bromoalkyl group was also observed. The formation of the vinyl group must be due to the presence of unreacted triethylamine abstracting HBr from the initially formed alkylbromo compound in all cases, although no sign of this initial bis-alkylbromotetrazole derivative was observed by TLC. Thus, the three products formed were the symmetrical 2-N, 2-N'-bis(vinyl)-derivative, the unsymmetrical 1-N, 2-N'-bis(vinyl)-derivative and the 2-N, 2-N'-vinyl-bromoethyl-derivative. No obvious reason was apparent for the difference between these results and those published previously by Butler and Fleming. 9 Crystals of compound 1b, suitable for an X-Ray diffraction study, were obtained from chloroform and the X-Ray structure obtained confirmed the presence of the pendant vinyl groups (see Figure 1 ). It is notable that in the molecule the two tetrazole rings are not co-planar with each other, the angle between the least-squares planes of these two rings being 87.9˚. (6) with 1,2-dibromoethane forms either a cyclophane or bis(bromoalkyltetrazolyl)benzenes, depending on the ratio of the dibromoethane employed in the reaction. 5 In all the reactions that we tried, no evidence for a cyclophane was detected. Generally, four products were obtained from each reaction, with compounds a, b and c always being present (see Scheme 2) and either d or e being the remaining product. In these reactions also, not all the starting bis-tetrazole was consumed in the reaction, with the largest spot by TLC being the starting tin tetrazole. What is intriguing is the presence of vinyl groups in these products as well as those products already discussed above. In the previous set of reactions, described above, it was easier to rationalise the presence of the vinyl group as a result of excess base being present, resulting from not all the starting bis-tetrazole being consumed in the reaction. 4 << Scheme 2 >> There are three "plausible" explanations for the formation of the N-vinyl compound in the absence of triethylamine. Firstly, it is a thermal elimination (pyrolysis) of the hydrogen halide. This is unlikely as the reaction temperature is only 120˚C, and the fact that not all the bromoethyl arms are converted to vinyl groups would rule this out as a possibility. Secondly, the tributyltin bromide byproduct under the reaction conditions produces the tributyltin radical, which then abstracts a bromide radical with subsequent loss of a proton to give the vinyl. While this appears plausible, the reaction conditions are very mild (120˚C reflux) compared to those published in the literature (for example, in the presence of a catalytic amount of azobisisobutyronitrile (AIBN) or UV irradiation in toluene). 10, 11 On that basis, we believe that this pathway, though plausible, is not a possibility.
<< Figure 1 >>
The final plausible explanation is that the bromide ion formed in the first displacement acts as a base in 1,2-dibromoethane, as there is no solvent present to solvate the ion. It immediately abstracts a hydrogen from the product containing the bromoethyl arm resulting in a negative charge residing on the carbon atom. Loss of bromide ion removes the negative charge and also results in the formation of the vinyl group. Of the three possible routes, this final route appears the most plausible.
Despite our best endeavours, we were unable to grow suitable crystals of any of the a or b compounds but we did manage to grow suitable crystals of 5d. The X-Ray structure for this compound has been previously published 5 but this compound 5d is a different polymorph. The major difference between the two sets of structural data is that the structure already published showed that the crystal was monoclinic in the C2/c space group whereas in this case the structure is triclinic in the P-1 space group. This difference manifests itself in the orientation of the pendant bromoethyl arms. In the previously reported structure, 5 the pendant bromoethyl arms are pointing in opposite directions relative to the central phenyl ring, whereas in 5d, the pendant bromoethyl arms are directed in the same direction (see Figure 2 ).
<< Figures 2 and 3 >>
The tetrazole rings and the phenyl ring are almost co-planar, with both bromoethyl arms on the same face of the phenyl ring. The packing diagram (see Figure 3 ) illustrates this feature to greater effect. Here, distinct channels of bis-tetrazole units are evident with intermolecular interactions between adjacent units. Analysis of the supramolecular array reveals the presence of slipped -stacking between the phenyl ring and the tetrazole based on C8, the distance between most proximate pairs of such rings in the supramolecular array being 3.36 Ǻ. The tetrazoles based on C1 are also involved in -stacking with each other. In this case an interplane distance of 3.36 Ǻ is observed between said rings in closest lattice neighbours. The closest Br…Br distance of 3.854 Ǻ mitigates against the presence of any significant bromine-bromine interactions.
Supplementary Data
Crystallographic data for the structural analysis on 1b and 5d have been deposited with the Cambridge Crystallographic Data Centre, CCDC No. 261954 and 261955, respectively. Copies of this information may be obtained free of charge from deposit@ccdc.cam.ac.uk or www:http://www.ccdc.cam.ac.uk
Conclusions
The reactions of either 1,n-(HN 4 C) 2 C 6 H 4 or 1,n-(Bu 3 SnN 4 C) 2 C 6 H 4 (n = 2, 3, 4) with 1,2dibromoethane yields compounds containing pendant bromoethyl or vinyl groups with substitution occurring at either 1-N, 2-N' or 2-N,2-N' respectively. This is not in agreement with previously published work in this area. The next objective is to improve the reaction yields with a view to attaining our goal of synthesising tetra-tetrazole macrocycles.
Experimental 1 H and 13 (6) were prepared as described previously. 4 1,2-Bis(tetrazol-5-yl)benzene (1), 1,3-bis(tetrazol-5-yl)benzene (2) and 1,4-bis(tetrazol-5-yl)benzene (3) were prepared by a different method to that of Molloy et al. 5 
Synthesis of Compounds 2a, 2b & 2c
These compounds were prepared by the same general method from 1,3-bis[tetrazol-5-yl]benzene
(2), triethylamine and 1,2-dibromoethane, resulting in a mixture of 2a, 2b and 2c which were isolated from each other by column chromatoagraphy on silica gel as described previously. 
Synthesis of Compounds 3a, 3b & 3c
These compounds were prepared by the same general method from 1,4-bis[tetrazol-5-yl] benzene (3), triethylamine and 1,2-dibromoethane resulting in a mixture of 3a, 3b and 3c which were individually isolated by column chromatoagraphy on silica gel as previously.
White solid. Analysis: Found: C, 54.36; H, 4.18; N, 42.08. Calc. For C 12 H 10 N 8 : C, 54.13; H, 3.76; N, 42.10; Yield: 12.8 %; Mp 124-126 ˚C; ν max (KBr) 3148, 3108, 2910 ν max (KBr) 3148, 3108, , 2894 ν max (KBr) 3148, 3108, , 1690 ν max (KBr) 3148, 3108, , 1650 ν max (KBr) 3148, 3108, , 1429 ν max (KBr) 3148, 3108, , 1150 ν max (KBr) 3148, 3108, , 1005 White solid. Analysis: Found: C, 41.89; H, 3.36; N, 32.42. Calc. For C 12 H 11 N 8 Br: C, 41.50; H, 3.17; N, 32.28; Yield: 10.2 %; Mp 108-112 ˚C; ν max (KBr) 3100, 3098, 2954 ν max (KBr) 3100, 3098, , 2879 ν max (KBr) 3100, 3098, , 1605 ν max (KBr) 3100, 3098, , 1545 ν max (KBr) 3100, 3098, , 1460 ν max (KBr) 3100, 3098, , 1256 ν max (KBr) 3100, 3098, , 1100 ν max (KBr) 3100, 3098, , 1010 White solid. Analysis: Found: C, 33.50; H, 2.96; N, 26.25. Calc. For C 12 H 12 N 8 Br 2 : C, 33.70; H, 2.81; N, 26.10; Yield: 8.3 %; Mp 124-126 ˚C; ν max (KBr) 3099, 3087, 2850 ν max (KBr) 3099, 3087, , 1543 ν max (KBr) 3099, 3087, , 1460 ν max (KBr) 3099, 3087, , 1276 ν max (KBr) 3099, 3087, , 1090 ν max (KBr) 3099, 3087, , 1005 
Synthesis of Compounds 5a, 5b, 5c & 5d
These compounds were prepared by the same method as above but using 1,3-bis [2- (tributylstannyl)tetrazol-5-yl]benzene (5) 
